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INTRODUCTION 


| Although the explosion-fatality record for the fiscal year 1944 showed 

considerable improvement over those of the preceding 4 years, it is still far 
from creditable, and the coal=mining industry and agencies interested in the 
prevention of coalemine accidents should not be satisfied until accidents 
from explosions and fires are eliminated. In view of present knowledge of 
the methods of preventing explosions and fires, such disasters are inexcusable 
and discredit the mining industry... Despite this knowledge, far too many coal~ 
mine operators and employees continue to follow procedures that have resulted 
in disasters in the paste Included in the appendix to this circular are a 
number of safety measures designed to prevent coalemine explosions and fires 
and metal-minc fires. Their adoption is essential if explosions and fires 
are to be prevented, as certainly they should be. 


An epidemic of disastrous mine fires of electrical origin during the past 
@ years emphasizes the need for better methods of protection of underground 
electrical circuits. At present, committees of mining-electrical engineers, 
electrical-equipment manufacturers' representatives, and others are cooperat= 
ing with the Bureau of Mines in seeking means to solve this problem. 


- During the fiscal year 1944, 23. explosions in coal mines resulted in 94 
fatalities, compared with an average of 24 explosions and 168 fatalities per 
year during the preceding 4 years. Thirty-two underground coalemine fires 
during the year resulted in & fatalities, compared with-an average of 24 fires 
and 10 fatalities during each of the preceding 4 Yearse 


SUMMARY OF iilia =XPLOSIONS, BY STATES AND CAUSES 


Nwe * . 
Table 1 summarizes essential data on 235 coal~<mine explosions known to 


- have occurred: in & States and Alaska and to have resulted in 94 deaths during 


- the fiscal year ended June 30, 1944... The table contains information on all 


1/ The Bureau of Mines will welcome reprinting of this paper, provided the 


following footnote acknowledgment is made. "Reprinted from Bureau of 
Mines Information Circular 7330." 

2/ Chief, Health and Safety Branch, Bureau of Mines, Washington, D. C. 

3/ Mining enginecr, Coal Mine Inspection Division, Burcau of Mines, Washington, 
D.C. 
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coal-mine explosions in the United States during the fiscal year that*were 
brought to the attention of the Bureau of Mines and is believed to cover every 
explosion in which life was lost or considerable damage was done. These were 
9 fewer than were known to have occurred in the previous year; the number of 
dentns (94) was 58 fewer than in 1943- 


The greatest number of deaths (29) from explosions in any State during 
the fiscal year 1944 occurred in Alabama. West Virginia had 28 deaths from 
this cause, Pennsylvania 15, Kentucky 14, Arkansas 6, and Colorado and Tenies- 
see, 1 eache An i a elere in Alaska and one in Oklahoma did not 
result in death. 

The 5 major seas eis curing the fiscal year resulted in 81 deaths; in 
1943 there were 5 major o:mlosions with 122 deaths; and during 1942 there werc 
7 major explosions with 135 deaths. (A major explosion is one in which five 
or more fatalities occurs) Ten of the 23 explosions known to have occurred 
during the past year did not result in fatalities. The enthracite mines of 
Pennsylvania experienced thcir first major explosion in 6. years, and Pennsyl- 
vania bituminous mines hat. only one fatality from cxplosions during the fisccl 


year 1944. 


Table 2 ‘summarizes the cnuscs of explosions that occurred during the 
fiscal years 1929 to 1941, os determined from records of the Health and Safety 
Branch of tho Bureau of liincse It is shown that 59 persons were killed during 
the fiscal year 1944 in cxplosions initiated by electricity, compared with 66 
in the previous year and.cn avorage of 68.8 per yean for the preceding 15 years 
During the fiscal year r944. Ponnsylvania had 4 explasions caused by electrici- 
ty with 15 deaths; Alnboma, had 3 such explosions, with 29 deaths; West 
Virginia, 2 with 12 deaths; and Arkansas, 2 with 3 cathe. | ; 


During the fac year 19h, 6 mine explosions were caused by open lights 
or smoking, compared ‘with 9 such explosions in tre prcvious:year and with an 
average of &.7 during the »revious 15 years. Five dcaths resulted from 
explosions caused by open lights or smoking during 1944, compared with 86 from 
this cause in 1943 and on average of 2642 during the previous 15 years. 
Arkansas: had 2 explosions with 3 deaths caused by open lights.or smoking; 
Pennsylvania had 2 explosions with no deaths; Kentucky 1 with 2 denths;: and 
Oklahoma 1 with no deaths. In three of these explosions, gas was ignited by 
carbide lamps; in’two, gas wos ignited when miners attenptcd to smoke; and in 
one, gas was ignited while otternpting to light a fuse with a match. 

_ Three explosions resulting in one death were caused by explosives during 
the fiscal‘ yerr 1944, cormarea with three such explosions during tlie previous 
year and to an average or 3.6 explosions and 21.2 deaths during the previous 
15 years. | . 
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Three explosions occurring during the fiscal year are listed under mis- 
cellaneous causes. Two of these explosions, which resulted in 13 deaths, 
occurred when officials attempted to relight flame safety lamps with matches 
in the presence of gase One very violent explosion occurred in West Vir- 
ginia and killed 16 men who were attempting to extinguish a mine fire. In 
an Alabama mine, a second explosion, caused by fire ignited by a first explo- 
sion, killed 10 men of a rescue crew; the fatalities in the Alabama explosion, 
however, are charged to electricity, because the first explosion was caused 
by an electric arc. 


Table 3 shows the record of explosions by States for the past 16 fiscal 
years. During this lo-year period, 410 mine explosions caused 1,899 deaths, 
an average of 25.62 explosions and 118.62 deaths ver year and an average of 
4.63 fatalities per explosions The number of explosions (23) occurring dur- 
ing the fiscal year 1944 and tho resulting number of deaths were somewhat 
less than the average for the preceding 15 yearse For the 16-year veriod, 
Pennsylvania had the greatcst number of explosions--108, with 317 deaths. 
West Virginia had 71 explosions with 381 deaths; Ohio, with only 16 explosions, 
had 209 deaths. It is encouraging to note that during the l6-year period, 
Kansas and Maryland had only one explosion each, two fatalities occurring in 
Kansas and one in Merylanc. New Mexico has not had an explosion during the 
past 1l years. Utah has had only one explosion, with one death during the 
past 14 years; Wyoming has had only two known explosions, with a total of 
eight deaths during the lo-ycar period; and Montana experienced its first 
major explosion during 19/3. 


The average number of deaths per explosion during the past 16 years has 
been 4.63, with a range for States of 1.00 for Maryland to 74.0 for Montana. 
States with the highest averages are Montana, 74.0 (1 explosion); Ohio, 13.06; 
Virginia 8.07; and Oklahoma 7.10. The following coal~producing States are 
not listed in table 3, as they are not known to have had an explosion during 
the past 16 years: Iowa, Michigan, Missouri, North Dakota, and Texas. 


CAUSES OF EXPLOSIONS 


Table 4 gives data on causes of explosions in the United States during 
the past 16 years as rovorted to the Bureau of Minese In all, 410 explosions 
were studied during that »criod, an average of 25.6 per yeare There were 23 
explosions during the fisccl year 1944, or 9 fewer than during the previous 
year and nearly 3 fewer “<l.cn the average of the preceding 15 years. 


Table 4 shows that electricity was responsible for 183 (44.7 percent) 
and oven lights and smoling; for 137 (33.4 percent) of the explosions recorded 
during the 16 years; hence, 7&el percent of all known explosions occurring 
during this l6-year period were started by ignitions due to electricity, open 
lights, and smoking. This situation definitely indicates that effective 
precautions are not being taken as to these hazards. 
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The number of explosions of electrical origin during the past year (12) 
about equals the average for the preceding 15 years (11.4). The number of 
explosions caused by open lights and smoking (6) is about 31 percent less 
than the average Se 7) fron these causes for the preceding 15 years. 


Table 4 shows. ‘enat 3 eens were’ caused by explo siaes during: ‘the 
past year, compared witn the same number the previous year and en average of 
1.9 for the preceding 15 yeoarse 


Three explosions are Jisted under unknown or miscellaneous ceuses.. 
ZPLOSION FATALITIES, BY CAUSES 


Table 5 compares exilosior fatalities by e4uges ‘ona shows that during 
the past 16 years, 1,899 fatalities resulted from mine explosions in the 
United States, en average of 118.7 a yeare The explosion fatalities (9!) 
during the. fiscal year 19)! ere 58 fewer than during the previous year (152) 
and well below (21.5 BOECEHED the average for the preceding 15-year period 
(120). Five major explosions during the year resulted in 61 denths, and 18 
minor explosions caused 13 deaths, as compared with the record for the fiscal 
year 1943, when 5 major explosions with lee deaths and ey minor explosions 
with 30 deaths occurrede. ..., hg itnce, water. , 


Explosions of electrical eriein were responsible for 59 (62.6 pvereecnt) 
‘deaths during the fise:1 year 1944; this represents a small decrease over the 
66 deaths from this couse during 1943 and is less than the average of,-68.6 
deaths for the preceding 15 yours. The decrease in the number of explosions 
and the number of denths from explosions of electricsl origin during the pnrst 
year is gratifying; hovovcr, constant vigilance is necessary if the oxisting 
unfavorable conditions brought about by the much grenter use of ee 
in coal mines “because of ‘thé wer are to be overtone. eae ‘ 


Open lights and smolting resulted in 5 fences or 5e3 ‘percent of the 
fatalitics due to explosions during the fiscal year nol compared with 86 
deaths (56.6 percent) for the previous year and an average of 26.2 deaths 
fron this cause during the preceeding 15 years. Two explosions’ resulting in 
4 deaths were caused by smoking, 1 explosion resulting in 1 death by an open 
carbide light, and 2 explosions caused by carbide lights did not ‘result in 
fatalities. -Every man wud works in a coal nine is, or at least should be, 
aware of the dangers of open lights and smoking; despite this knowledge, 
however, explosions causcd by the use of open lights and fron smoking cons 
tinue to occur year eftcr yeare The type of lighting used-at a mine “is 
primarily the responsibility of .the operator; however, in several ‘instances 
attempts to install closed lights have been resisted by the miners, notwith= 
standing the fact that the use of open lights in mines is both: unsafe and 
inefficient and, in addition, -has caused the death of hundreds of mine worker 
Prohibition of smoking underground is the responsibility of both the operator 
and the miner. It is thc onverator's responsibility to esteblish now~smoking 
rules and to endeavor to sce that they are enforced; it is the responsibility 
of the miner to refrain fron snoking while underground end to see that his 
fellow miners do likewlsc. 
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During the past 16 years, 318 (16.7 percent) of all deaths due to explo- 
sions resulted from sr oleeiene caused by explosives. During the fiser] veer 
Ipdt , 3 explosions and 1 death resulted from this cause, compared with 3 
explosions and no deaths curing the previous year and an average of 2lel 
deaths for the preceding 15 vears. 


CAUSES OF ZAPLOSIONS STARTED BY ELECTRICITY 


Table 6 gives: data available to the Bureau of Mines on causes Of explo~ 
sions of electrical origin in the United States for the fiscal years 1929-hy, 
During this period there are known to have been 183 explosions of electrical 
origin, of which 11, with 59 deaths, occurred during the fiscal year 1944. 


Trolley or cable~reel locomotives and nonpermissible mining machines 
jointly were responsible for H6.4 percent.of the explosions of electrical cri-~ 
gin during the l6-year period and for 72.7 percent during the past year. 


During the past year, trolley or cable~reel locomotives were responsible 
for five explosions, nonnermissible mining machines for three, and nonpermis= 
sible electric drill, nonoernissible electric motor, and electric are for one 

eache 


Most coal-mine explosions of electrical origin during the past 16 years 
have shown evidence of carelessness of various kinds, including (1) failure 
to test for gas before taking electrical equipment into working places,or 
failure to test from time to time while using this equipment; (2) use of 
electrical equipment too soon after the mine fan has been started after a 
shut-down; (3) failure to examine a mine properly on idle days when only a 
skeleton crew is in the mine; (4) use of haulagew2ys as return airways, a 
practice that is always hazardous whether in gassy or nongassy mine; (5) fail- 
ure to install and utilizc ».ermissible electrical cqvinment or to maintain 
permissible equipment in 2 sofe or permissible condition; (6) haphazard method: 
of splicing table and’ in attaching ¢able nips to »over wires; and other care- 
less practices, many of thom directly involving ventilation. 


Conditions brought about by the war, such as difficulty in obtaining 
machinery replacement parts and a shortage of skilled labor, are likely to 
result in increasing numbers of explosions of electrical origin unless every 
precaution is taken to prevent them; in fact 1941, 1942, 1943, and 1944 
actually do show more explosions of electrical origin. 


COMPARISON OF .LIGsVInG IN.MINES .WHERE EXPLOSIONS OCCURRED 


Table 7 indicates the method of lighting uscd in mines where explosions 
occurred during the past 16 years. Of the 410 explosions that occurred, 138 
(33.7 percent) were in open-light mines, 244 (59.5 percent) in closed-light 
mines, and 28 (6.8 vercent) in mines in which lighting practice is unknown. 
During the fiscal year 1944, 6 (26.1 percent) of the sxplosions occurred in 
open-light mines, compared with an average of 8% explosions per year in aEeue 
light mines during the preceding 15 Vearge 
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FIGURE 1.- Fatalities from gas and coal-dust explosions in bitumi- 
nous-coal mines. 
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During the fiscal year 1944, 52.2 percent of the slbetone occurred in 
closed~light mines, and during the past 16 years 59.5 percent of all explo~ 
sions occurred in mines using closed lights. -This may be interpreted in 
several wayse Probably the most nearly correct explanation is that in many 
States the most gassy, hence the most dangerous, mines now use closed lights. 
No explosion is kmown ever to have been caused by an electric cap lamp; this 
indicates that almost unquestionably there has been carelessness in other 
explosion~prevention practices in some closed=light mines, otherwise more than 
half of the coale-mine exnlosisns in recent years would not have occurred in 
closed-lizht mincs. In many mines that have. adopted closed lights, too much 
‘dependence is placed on the lamps, with the result that ventilation and other 
precautionary measures are neciected. Among the bad practires followed in 
mines or parts of mines know. to give off explosive gas and placed on a 
closed=light basis is the usc of open=type electrical equipment (pumps, drills, 
cutting machines, loading machines, conveyor motors, etc.), a flagrent viola~ 
tion of sane mining practice that is absolutely unnecessary and inexcusable. 
Many explosions in both onen= and closed-light mines are due to conditions 
brought about by the use of fan-tubing systems of ventilation. Moreover, 
smoking 1s practiced in nany closed—light mines, sometines with the consent of 
the management but more frequently through violation of company rules or State 
laws or regulations. Use of the up=to-date permissible electric cap lamps is 
unquestionably one of the most effective means now known of promoting safety 
in mining (coal or mctal), ond any individual or egency failing to use or 
trying to prevent the usc of electric cap lamps in mines is woefully ignorant 
- of mine safety requirements or is deliberately indifferent to the operation 
of mines on anything appronching an efficient or a humanitarian basis. On 
the other hand, any neglcct of other essential safety procedures through plac= 
ing undue reliance on clectric cap lamps is bound to result in disaster sooner 
or later} such neglect carries with it a responsibility analogous to such vio- 
lation of law as smoking in closed~light nines. 


EXPLOSIONS IN BITUMINOUS-COAL MINES 


Figure 1 shows the trend. of fatalities resulting fbn gas and dust 
explosions in bituminous=coal mines of the United States during the calendar 
years 1906 to 1943, inclusive. The trend of explosion fatalities was dow- 
ward fron 1907 to 1921, with a marked rise from 1922 to 1924, and a definite, 
relatively steady declinc fron 1924 to 1935; however, the trend hss been 
upward during the past 7 years, especially in 1937, 1938, 1940, 1941, 192, 
end 1943. It is significant that in every alternate year fron 1924 to 1936, 
the number of deaths h::s increased over that of the preceding year, although 
the general trend has becn downward. A plausible explanation is that a year 
with a relatively low ex>zlosion=-fatality record causes relaxation in efforts 
to prevent accidents (or at least in prevention of explosions) during the 
following year; conversely, oc year with a high explosion-fatality record 
causes additional precautionery meesures to be taken. The tabulation on the 
graph of averege annual fatolities fron bituminous-coal-mine explosions for 
B—year periods from 1905=10 to 1936-40 is illuminating, as it shows a large 
- and fairly steady decrecse in annual fatalities fron 43¢ for the 5-year 
- period 1906-10 to 65 for the 5-year period 1931-35, a drop of 85.5 percent; 
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however, it is also: shown that during the most recent 5-year period, 1936-0, 
there has veen an increase of more than 75 percent in explosion fatalities, 
as comoarec with the previous 5-year period, 1931-35. The record for 1931-35 
bolsterec. hopes that disastrous mine explosions in the United States were a 
thing of the past, but the record of the past 4 years has shattered them. 
‘The explosion record for the past 4 years should cause the coal-mining indus- 
try grave concern. Several factors contribute to this bad record, such as 
(1) the ravid increase in the use of electrical equipment at face regions, 
where gas and dust are most likely to be found; (2) the increased demand for 
coal to sunply war requirements; (3) desire of mine operators to odtain maxi- 
mum tonnage per machine at minimum cost, which has resulted in neflect of 
rudimentary precautionary measures; (4) multiple-shift operation, which does 
‘not allow time for adequate maintenance of equipment, effective rock dusting, 
and testins for gas by ‘fire-bosses; (=) decrease in supervision owing to 
@emands on supervisors for maximum tonnage and loss of competent sunervisors 
to the armed forces and the more highly paid war industries; (6) lack of 
effective supervision owing to numerous causes; (7) inability to obtain ade- 
quate equipment repair end replacement parts; (8) shortage of labor, 
especially srilled labor; (9) failure of both miners and mining officials to 
show rezard for safety in changing from hand-loading to mechanized methods; 
(10) the necessity to utilize overeage workers; and (11) fatigue of both 
workers ond sunervisors due to overwork. 


In viev of the experience of the past 2 years, and consiCering the fact 
that the demena for coal probably will increase greatly during the coming 
year, the outlook is not at all bright if the same unsafe methods end pro- 
cedures are to be continued in effect or are to be accentueted dy increased 
demanas for.coai with decreascs in the facility to secure it. 


MINE FIRES 


During the fiscal year 194, 32 coal-mine fires, which resulted in the 
death of & men, were called to the attention of the Bureau. Table & shows 
that 7 of these fires were reported in Pennsylvania, 5 in Illinois, 3 each 
in Colorsto, Utah, Washington, and West Virginia, @ each in Alabama, KXen- 
tucky, and Ohio, and 1 each in Texas and Wyoming. These were 11 more than 
occurred Curing the preceding year and 14 more. than the average for the pre- 
ceeding 1+: yeorse The & fatalities from fires were { fever than in the pre- 

ceding yeor and equalled the average for the preceding 14 years. Twenty~five 
surface fires, 17 of which were at metal mines, occurred during the fiscal 
year 194; these are not indicated in table 8 An explosion that killed 16 
men resulted from one of the coal~mine fires, and although these fatalities 
are charged to explosions, they indirectly resulted from the fire. Follow- 
ing a mine fire caused by a trolley wire, 18 men were Fegeued after having 
been barricaded for 14 hours. | 


: | 
Of the 32 fires that occurred during the fiscal year 1944, 12 were of 
electrical ‘origin, 3 resulted from the. use of nonpermissible explosives, and 
17 were of miscellaneous or unkmown origin, During the past 15 years, 356 
fires have been reported, 112 of which (31.4 percent) were of elcctrical 
origin. Mlectric trolley wires were involved in 7 of these. 
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One of these fires, in a Pennsylvania mine, wes caused by a trolley wire 
that fell on 4 cars fillcd with horse feed. One'hundred and fifty-seven men 
were in the mine when the fire started; 151 escaped uninjured and without 
assistance, whereas the other 6 men, who were working on the main haulageway 
about 1,500 feet inby the fire, presumably were suffocated. The dvodies were 
not recovered immediatcly, and work of sealing the mine openings was started | 
ebout 17 hours after the fire started; the bodies were finally recovered 
several months latere 7 

Two men lost their lives, a third man was overcome but later rescucc, and 
a fourth man escaped unassisted after entering a Utah mine in which'a fire of 
spontaneous origin had been burning since the previous morning. 


Because of the highly combustible nature of cozl, timber, explosives, and 
other materials usually present in coal. mines, the potential hazard of fire is 
always present in every coal mine, even when the mine is classed as damp or 
wet and whether it is gassy or so-called nongassye Sone coals, ores, and 
other materials found or used in mines ignite spontencously under certain 
conditions and create a serious hazard; however, the ignition agencies that 
cause most mine fires are clectricity, explosives, and oven lights. Although 
Much can be done to prevent mine fires, some companies still employ methods 
Or equipment that have chuscd and probably will continue to cause fires in 
their mines. These include the use of black pugler and fuse; slipshod methods 
of installing, using, and. maintaining electricsl equinment; use of open lights: 
smoking; and employment of numerous other loose, unsefe, or out-of-date mining 
equipment, methods, and practices, one of which ig to allow trolley haulage 
roads to become covered with fino coal dust, which nekes firss fron fallen 
trolley wires easy to start and to spread. 


The following information is quoted fromthe hews Letter of the National 
Safety Council, Inc., for August 1944: 


Unquestionably mine fires now constitute one of the chief neans 
of sabotaging the effort to produce maxinun dacntitics of mineral 
products essential to the prosecution of the ware This applies 
more particularly to coal then to non—coal mines ond presunably the 
main reason for this is the fact that coal production in maxinun 
quantity is still very moch a 'must,! while the demand for nuch of 
the product of non-conl nines has eased materially in recent months. 


Since January 1, 19:3, approximately 4O serious fires have 
occurred.in the coal wines of the United States and several tines 
that number of additionel lesser fires have been handled with 
mininim effort or loss of production or property. The loss of 
life from coal-mino fires. in the United States during the 18 
nonths};. January 1, 1943 -,Jpne 30, 1944, has heen far greater than 
in ‘any other 18 months for more than 30 yearse 


One hundred three lives were lost in fires in coal mines in 
the past 18 months, 10¥ in fires caused by electricity and 2 ina 
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fire due to spontancous ignition. Ten of the fires of electri~ 
cal origin are charzecvle to the trolley haulzge systen, total 
déaths being 87. All of these fires of electrical origin oecurred 
in highly mechanized minese Three of the fires of electrical 
‘origin with heevy loss of life occurred on a night shift. 


In the past 18 nonths at least 12 coal nines were sealed at 
the surface because of fires, 3 having men in then; 16 men were 
sealed in a West Virginie nine, 6 in a bituninous nine in Penn- 
sylvania, and 66 in 2 mine in Ohio. This record is one of which 
the coalenining industry has little reason to be proud. It is 
high time that conlenining people becane fire conscious. 


Why has the coal-mining industry been so sadly afflicted by 
mine fires in the past 18 months? Unquestionably the epidemic 
of fires in coal mines is due to some fundamental cause or causes 
and it is very likely that the fires can be ascribed to more than 
one cause. It is a certainty that with the extreme demand for 
maximum production of coal, available equipment as well as man=~ 
power has been operated wp to and in many cases far over capacity. 
As a result, much or the equipment in mines is wearing out, some 
of it is worn oute This is hazardous in the extreme where the 
equipment is of electrical types With electrical equipment 
worked 2 or 3 shifts per day, 6 or even 7 days per week, little 
or no oprortunity is available to keep it in repair. And inasmuch 
as spare units are out of the question and spare parts are diffi-~ 
‘ cult to obtain, the situation is little short of desperate so far 
as preventing accidents to the equipment is concerned. Added to 
this is the fact that man-power is scarce in the extreme. Hence, 
repair men are difficult to obtain and to retain. 


SUM: ARY 


1. It is interesting to note that of the 29 major coal-mine-fire disas~ 
ters with a total of 600 fatalities stnce 1900, my & (with63 deaths) occurred 
since 1921 and no major coal-mine fires occurred in the United States from 
1926 to 1933, inclusive. Four major fire disasters have occurred during the 
past 3 years; during the fiscal year 1944, a fire in a Pennsylvania mine 
resulted in 6 deaths; in 1943, a fire in a West Virginia mine killed 13 men; 
and in 1942, 10 men were kilied in a fire in Colorado and 5 in a fire in 
Pennsylvania. 


IZ the necessary precautions are not taken, coal-mine fires may be a 
great potential hazard and may jeopardize the lives of many men, not ohly 
those who are cut off from escape but also those engaged in fighting the fire. 
The actions of mine officials during several fires of the past few years 
Clearly indicate lack of knowleczge as to procedure in controlling such fires 
and an ayparent indifference to the hazard resulting from theme Every mine 
should be wrovided with ample fire-fighting material placed at strategic 
places in the mine, and both workers and officials should be instructed in the 
best procedure to follow in case of fire, 
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Oe The decrease in frequency and severity of explosions in the United 
States during the past 30 years has been encouraginge The record of the fise 
cal year 1939 (in which there were no major explosion or fire disasters) was 
the best in the history of coal mining since it beceme a major industry; 
however, the increase in frequency and severity of explosions during the past 
5 years has caused. much concern to the agencies seeking to prevent such dis- 
asters. Most conl--mine e:mlosions result from human failure by workers or 
management to tase the precautions they Imew (or at least should know) are 
necessary ty »nrevent such occarrentes> ignorance of precautionary measures 
is no excuse, as information on this subject has been given much publicity, 
particularly in the past two decades. 


Although explosions of electrical origin were fewer than during each of 
the preceding 3 years, there still is evidence that 1n its demands for greater 
production, management and (to some extent) workers have neglected to take 
suitable precautions in connection with the use of electrical equipment. 
During the war period, with en acute shortage of skilled labor and great diffi: 
_ culty in obtaining equinment ond: replacement parts, it is doubly important 
for the protection of bot: life and property that evcry feasible precaution 
be taken. 

Some of the salient »noints brought out by the Bureau of Mines study of 
explosions and fires in the United phates during the fiscal year ended June 
30, 1944 are: 

1. Twenty-three exnlosions, all but two in bituminous-coal mines, were 
studied, as against 32 oxmlosions in 1943 end an average of 25.8 explosions 
a year during the previous 15 years. This is a decroase of 28 percent com- 
pared with the previous he end. a decrease of 10.8 percent comoarcd with the 
average for the preceding 1 vests: 


2. Coal-mine explosions resulted in the loss of 9! lives during the fis- 
eal year 1944, compared with 152 in 1943 and an average of 120 in the previous 
15 years. This is a decrease of 38.1 percent fron 1943 and of 21:6 percent 
from the average for the receding 15 yearse The anthracite mines of Penn- 
Sylvania, “which employ “about 75,000 men, had only 2 explosions last year 
and their first major explosion disaster in 6 years. The anthracite record 
of immunity from major e-zlosion disasters for 6 years is decidedly credit- 
able. 


3. The five major exvlosions during the fiscal year 1944 consed 81 
deaths, compared with’ the same number of major explosions and ife deaths in 
1943. Of the five major explosions in 1944, all but one occured in mines 
that were wholly or vartly mechanized. Three of the mines in whicn major 
explosions occurred were renvorted to have been rock-dusted, one was revorted 
to have been partly rock-dusted, and one (an anthracite mine) had no rock 
dust. Had efficient rock-dusting to nrevent propagation of exnolosions been 
in effect in the bituminous mines, the death toll undoubtedly would have been 
reduced greatly, and possibly one or more of the explosions would have been 
prevented. Failure to roc! dust a mine adequately is inexcusnble, as 


622 a he 


Google 


I. C. 7330 


rock-dusting is relatively incxpensive, and if kept up to standard, is almost 
certain to prevent widesprecd explosions. 


No deaths resulted in nine of the explosions occurring during the year 
though some persons were vurned or otherwise injured. 


4. Six explosions occurred in open=light mines, compared with 11 in 
1943 and an average of 8.5 in the preceding 15 years; 12 occurred in closed= 
light mines, compared with 17 in 1942 and an average of 15.7 in the preceding 
15 years. In the fiscal year 194!, as well as in former years, some of the 
explosions in closed-lisht mines were caused by oven flame, such as matches 
and carbide lamps, and the misuse of flame safety lamps. 


Two explosions with four deaths were reported to have been caused by 
smoking and year-by-yerr explosions of this type continue to occur. Almost 
every year at least one exnlosion is caused by shot firers or officials who 
attempt to relight their flame safety lamps with matches; two such explosions 
with 14 deaths were revorted during tho fiscal year 1944. One explosion was 
caused by a match used to light a fuse. Two explosions with 26 deaths 
resulted when accumulations of gas were ignited by fires. Following an Ala- 
bama explosion of electrical origin that killed 18 men, 10 in a rescue party 
were killed by a second explosion thought to have been caused by ignition of 
gas by a smouldering coat set afire by the first explosion. In a West 
Virginia mine, 16 men were killed by an explosion while they were attempting 
to seal~off a mine fire. three explosions during the year were ccused by 
carbide lamps; such explosions and those caused by smoking are the least 
excusable of all, as both the workers and management know, or should know, 
the hazards of open flame in coal mines. 


5e Eleven explosions, cousing 59 deaths, were of electrical origin, 
compared with 19 such explosions and 66 deaths in the previous year and-to an 
average of 11.) explosions and 68 deaths for the previous 15 years. “As 
pointed out, the greatly increased use of electricity with resulting neces=- 
sarily greater amount of wiring, trailing cables, and other accessories, has 
multiplied the hazards of clectrical ignitions largely because most of this 
equipment is operated at or near face regions where much gas and dust are 
given off. Under vresent shortage of labor and resulting lack: of maintenance 
of cquipment and difficulty in obtaining replacement of cables and repair 
parts, the elcctricnl ignition hazard is more serious than it would be under 
normal conditions. In view of this condition, it is necessary for both tho 
worker and the supervisor to exercise greater precautions as to ignition 
agencies and to see that secs and dust are not permitted to accumulate. 


6, Three explosions, with 1 death, were caused by explosives during the 
fiscal year 1944, comvarcd with a like number of explosions and no deaths for 
1943 and an cverage of 3 explosions and 21 deaths annually in the preceding 
15 years. There were nuncrous near accidents from explosives, and the use 
of dynanite or black blastinzs powder, either in granular or pellet form, in 
coal mines is a definite violation of established safe mining practice and it 
will continue to be responsible for fatalities from fires, explosions, and 
other causes until its uso is prohibited by law or is abandoned voluntarily. 

: 
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Carelessness in the practicc of using permissible explosives also is almost 
certein to result in disosters; in fact, carelessness in the storage and use 
of explosives is now and <lvays has been in evidence in and arourd coal mines; 
and here, again, the responsibility rests jointly with workers and management. 
The record for thé fiscal year 1944 was good even though numerous careless 
practices were in effect. 


7- Of the explosions that occurred during the fiscal year 1944, 21 are 
thought to have been initiated by ignitions of gas and 2 by ignition of coal 
dust. In almost all of the exolosions initiated by gas, it was indicated 
that the ventilation current had been interrupted or was inadequate or was 
not directed properly, anc. in most of these cases the use of blower fans and 
tubing was involved; in one or more instances it was indicated that inspec- 
tions had been inadequate, and that the nazard of gas had been ignored. 


3 ‘Pive of the explosions occurred in so-called nonzessy ‘mines. As has 
been the case scores of tines in the past, the occurrence of these five 
explosions again calls attention to the fact that all coal mines ere votene 
tially gassy or may become gassy unexpectedly. The mining laws of some 
States are wholly inadequate with respect to the classification of mines as 
gassy or nongassy, and as a result many mines are operated on a nongassy 
basis when it is known that they are in fact gassy, in that explosive gas is 
known to be given off. In several instances miners have resisted the intro= 
duction of permissible electric cap lamps and oppose or violate rules to 
prohibit smoking in the belief that the introduction of such equipment and 
rules would cause the operator to relax maintenance of adequate ventilation,. 
Elimination of all possible sources of flame is neccssarv to prevent ignition 
of gas, and resistance to such elimination on the part of miners is an erron= 
eous approach to the real solution of the problem; thc logical procedure is 
to insist upon adequate ventilation and simultaneously to cooperate in taking 
suitable measures to eliminate sources of ignition. 


The two dust explosions that occurred during the year were caused by 
blown-out shots; many e-plosions havo resulted from blowneout shots in the 
past that were the result of »ooor practice or the use or nonpermissible exploe= 
- gives or both. Considering the vast number of bad practices with explosives, 
the occurrence of only one or a few explosions one vear 1s little short of 
miraculous. 


The rapid extraction of coal -by siieieperenitt mechanical mining is 
responsible for increased iiboration of gases and also contributes to the 
release of much dust; this requires better ventilation, more frequent inspece 
tions, and more attention to the details of the ventilation system in general. 
The speed with which mechanical operations.are prosccuted and the tendency of 
crews end foremen on one shift to leave necessary repairs to be mede by the 
following shift, or to nostpone repairs or replacements until forced to take 
action, are not conducive to effective maintenance end certainly are highly. 
detrimental to safety. One of the common. hazards of mutliple=shift mechani- 
cal mining is the haphazard menner in which cable splices are made and main= 
tained in many mines; slivshod trailing .cables also induce numerous 
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hazards, such as contact electrocution, the releese of stray currents likely 
to precipitate premature blasting or misfires, and the possibility ae arcs or 
sparks that are likely to imnite gas or dust. 


8. The frequency of explosions ‘during the past year (23) declined mark- 
edly as compared with the vrevious year (32). . The average number of deaths 
per explosion last year was 41, comparéd with 4.7 in 1943 and 4,7 during the 
preceding 15 years. 


9. The 23 explosions and 94 deaths during the fiscal year 1944. occurred 
in 8 States and Alaska, and 18 other coal-producing States had no known explo~ 
sions. The 6-year immunity from major explosion or fire disaster in the an- 
thracite region was broken; the record was one of which the anthracite region 
had reason to be proud, and it is hoped that there will be no major disasters 
in the anthracite region for another decade at leaste 


10. The facts brought out by a study of the explosions that occurred dur- 
ing the past year stress the importance of allaying coal dust at its source. 
The five major explosions during the year were responsible for 86 percent of 
the fatalities resulting from explosions, and all were extended by coal dust. 
This would indicate that. adequate precautions are not being taken to prevent 
the spread of explosionse Mechanical mining of coal produces much more fine 
coal: dust. than hand=loading methods, hence the need for allaying the dust at 
its source is greater then ever before in the history of the industry, Fine 
coal dust is an explosion and health hazard, and every feasible precaution 
should be taken to suppress it at its sourcee Much is being done in this 
connection, but the good start made by a few companies should be extended to 
many others in fact, to all coal mines. | 


ll. Rock dust was roenorted ‘to have been used in only 9 of the 23 mines 
in which explosions occurrec curing the past year; in only a few of these 60- 
called rock-dusted mines nad a sincere effort been made to do a good job. 
The severity of the major c:mlosiorns during the past several years is mute 
evidence of the inadequacy of rock-dusting practiced in the coal mines of the 
United States. This is incxcusable, as rock dusting costs only a very few 
cents per ton of coal, 


12. During the fiscal year 1944, 32 soatenine fires with 8 aeathe were 
reported, compared with 27 fires and 15 deaths in 1943 and to an average of 
23 fires and &.1 deaths annually for the preceding 14 years. 


13. Of the 32 fires that occurred during the year, le were of electrical 
origin, 3 were caused by explosives, and 17 were of miscellaneous or unknown 
origin. No fires were renorted as having oecurred in underground metal 
mines, but fires occurred in surface plants at 15 metal mines. 


14. The frequency and severity of mine fires have increased at an alarm 
ing rate during the past 3 years. Most of the fires in coal mines have been 
‘of electrical origin, many of them caused by the trolley system; this empha~- 

sizes the need of careful installation and maintenance of underground electri- 
cal circuits and equipment. In addition to causing heavy loss of life, fires 


622 ~ 2] ~ 


Google 


Is CG. 7330 


usually cause serious property damage and almost invariably require consider- 
able, ultrahazardous effort in extinguishment or control. The potential haz- 
ard of fire in any mine is dlways serious, especially in coal mines, because 
a fire can precipitate an explosion; two major explosions were brought about 
by mine fires during the past yeare The definite fire hazard that exists 

in virtually all mines should be recognized, and every feasible precaution 
should be taken to prevent theme Also, plans should be placed in effect to 
handle fires quickly and safely if or when they occur, and underground offi~ 
cials and employees should be instructed in procedure,to follow in-case of 
fire and especially in event they are trapped behind a mine fire. 


CONCLUSIONS 


This circular was compiled in essentially the same manner as~-were those 
of previous years (see Information Circulars 6178, 6419, 6540, 6680, 6819, 
6870, 6761, 6927, 6986, 7048, 7092, 7136, 7208, and 7274) and embodies only 
facts revealed by studies of field employees of the Health and Safety Branch 
of the Bureau of Mines. The Bureau of Mines attempts to obtain information 
concerning every explosion ard most of the fires’ in mines of the United States, 
Although some of the less destructive mine explosions and fires may not’ have 
been brought to the Bureau's attention early enough to permit investigation, 
it rarely fails to obtain fairly complete details of mine explosions or fires 
in which more than one life has been lost or in which considerable property 
has been damaged; thereforc, the data in these publications are relatively 
complete. | | | 


A study of available data on mine explosions in the United States during 
the past 16 years reveals that there was an encoureging reduction in the fre~ 
quency and severity of such disasters until 1940; however, the record was not 
sO encoureging during the next 4 years, though that for the fiscal year 1944 
was the best since 1939. Explosions in mines in the United States have re~ 
sulted in an average of 119 fatalities annually during the past 16 years, 
compared with 94 fatalities in 1944, 152 in 1943, 252 in 1942, 163 in 1941, 
and 206 in 1940. 

The undue prevalence of major coal-mine explosions and fires during the 
past 5 years indicates a lack of effective precautions to prevent such disas-~ 
ters. Four of the 5 major explosions in 1944 occurred in mechanized mines. 
-In three of the major explosions in which 53 men were killed, electricity 
is: believed to have been the initiating cause, and the cther, in which le were 
killed, was caused by an official attempting to relight a flame safety lamp 
with a match. In most of the mines in which explosions occurred, numerous 
unsafe practices were followed; some evidently were the result of a lack of 
respect (possibly a lack of knowledge) for the hazard of gas and-others were 
due to neglect of necessary yet readily feasible safety measures, such *s 
the elimination of the sources of ignition of gas or duste 


The more rapid extraction of coal with mechanical methods calis for much 
greater ventilating efficiency, and unless ventilation is maintained so that 
enough fresh air reaches all working faces to dilute the gases, explosions 


622 | ~ 22 


a gle 


I. C. 7330 


are certain to continue to occure In nearly every instance of explosions 
initiated by ignitions of gas, some deficiency in ventilation has come to 
light. Consequently, ventilation must be made more effective, and greater 
vigilance must be maintained in the detection of gas and in eliminating or 
neutralizing dust, as well as in the elimination of ignition agencies. Many 
explosions result directly or indirectly from carelessness or infraction of 
rules by employees; therefore, the prevention of explosions is the responsi- 
bility not only of management but of the workers as well.» Irrespective of 
responsibility, the seriousness of the situation brought about by the very 
bad coal=mine-explosion record of the past 5 years cannot be questioned. The 
demand for greater production and the existence of strenuous working condi- 
tions, owing to the war, necessitate greater vigilance by the workers, the man- 
agement, and other agencies interested in mine safety if the number and 
severity of coal-mine disasters is to be reduced to a reasonably low minimum. 
In the appendix are a numver of suggestions as to suitable procedures for the 
prevention of conditions in mines that are likely to contribute to the occur= 
rences of mine fires or explosions.’ These suggestions are not fanciful, nor 
are they impractical. Essentially every one is in effect. in one .or more 
mines in the United States, though probably no one mine follows all of theme 
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APPENDIX 
EXPLOSION AND FIRG-PROTECTION MEASURES FOR COAL MINES 
Surface Fire Protection 


le <All buildings within a radius of 100 feet of mine openings. ‘should be 
of fireproof or fire-resistant construction. If existing buildings within 
100 feet of the openings are not so constructed, fire doors should be erected 
at effective points (in shafts, drifts, or slopes) where smoke or -fire from 
outside sources may endanger men working underground. These doors should de 
tested at least every 3 mortns to assure effective operation. 

2. Adequate fire protection should be provided. Fire-fighting equip- 
ment should be readily accessible and the location of such equipment plainly 
. marked. 


3. A fire-fighting organization should be maintained and, if feasible, 
_ fire dyills should be held at least twice a year. | 


Explosives and Blasting 


| le All explosives used in underground coal mines should be of vermissibl 
type. Permissible explosives should be used as follows: 


a. Consist of net more than 3 pounds in any one shot. 

b. Fired only with electric detonators of oroper strength. 

ce Fired with vermissible shot-firing units. 

d. Not be fired on the solid unless it is not feasible to 
cut the coal. 

e. Stemmed with incombustible material. 


ee. Shots should be charged and fired by certifiec. shot firers, other 
certified officials, or authorized persons known to be competent. 


32 If physically possible, the coal should be cut; if cut or sheared, 
boreholes should not be drilled until after the cut or shear has been made. 


4. Boreholes should be drilled at least 6 inches shallower than the 
depth of the cut or shear. 


5. Explosives should be suitably stemmed with clay or other incombust- 
ible material, preferably to the collar of the hole; in no instance should the 
stemming be less than 2 feet in length, unless the hole is stemmed to the 
collar. 


6. Only permissible shot-firing units should be used (if they can de 
procured) unless blasting is ocing done from the surface when all men are out 
of the mine. 
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7- Examination for gas should be made before and after firing a shot or 
snots in a gassy mine. 


8. A shot should not be fired when more than 1 percent of methane is 
known to be presente 


QO, Adobe (mudcap) or other open, unconfined shots should not be fired 
in any bituminous or lignite mine. 


Ventilation 
1. Main fans should be: 


ae Installed to permit reversal of air flow. 
be Operated continuously, except when the mine is shut down for 
| an extended period. 
ce Provided with automatic device to give alarm, when the fan 
slows or stops, unless the fan is constantly attended. 


2. If the main fan of a gassy mine fails or stops for 5 minutes or more, 
the men should be withdrawn from the mine immediately. After the fan has 
started, the mine should be examined thorougnly for gas, and any gas found 
snould be removed before the men reenter the mines The same procedure should 
be followed in a section of a gassy mine if it is dependent upon a booster far. 


3- If stoppage of a main fan of a gassy mine is more than momentary, 
mine electric power should be cut off the face sections; and if stoppage is 
for 5 minutes or more, power should be cut off from the entire mine. A 
thorough gas examination should be made before power is restored. 


4, A booster fan should be used only for ventilating a distant extension 
of a mine which it is impracticable to ventilate by improvenent of airways and 
if the construction of a new ventilation opening is not feasible. If install- 
el for such reason, the fan motor should be of enclosed type, the surroundings 
of the fan fireproofed, and the fan so installed and so located with resnect 
to workings as to reduce the possibility of recirculation of air. 


5. Auxiliary fans or blowers with tubing should not be used in coal 
mines except to ventilate faces of rock tunnels being driven between two coal 
beds or through faults and wants; if used in rock tunnels, they should be 
powered with permissible driving units and so placed that there is no recir= 
culation of air. 


6. A mine should be classed as gassy when 0.10 vercent or more methane 
or other combustible gas can be found in any open workings by systematic 
search, or if the mine records establish the fact that methane has been found 
or ignited, provided that any classification of a mine as gassy by analyses 
of air samples should be based on two or more samples, each containing 0.10 
percent or more of methane. 
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7- The main intake and main return air currents in mines should te in 
seperate shafts, slopes, or drifts. 


&. If flammable gas can be detected in the air of a working solace «ith 
a flame safety lamp, or if such air contains more than 1 percent of flammable 
gas as determined by an electric methane detector or by cnemical analysis, 
ventilation should be improved immediately. If air in the working place cor- 
tains more than 2 percent flammable gas (slightly less than 1/2-inch cap on a 
testing or low flame of a flame safety lamp), the worxers should be witncrawm 
until the ventilation is improved. By "air of a working place” is meant cir 
not nearer than 1 foot from the facee Air should be tested for gas at such 
points as conditions may warrante 


9. If the air immediately returning from a split that ventilates ar 
groun of active workings amtains more than one-half percent of flammable xas, 
as determined by chemical analyses in duplicate or by other, recognized means 
or accurate detection, ventilation should be improved: immediately if at all 
possible. If this air contains more than 1-1/2 vercent of flammable gas, the 
workers should be withdrawn until ventilation has pees improved. 


10. The quantity of air reaching the last open exoaweut on,an 
working entries or the maximum inby point of a split should be at leas 
cubic feet a minute. © ; , 8 | 


™ 

hs 

cy 
ct 
b 

oO 
Fh 


li. Each working place should be ventilated by « perceptible air current 
of sufficient quantity to dilute and carry away flammable or harmful geses 
that may be present. : 


12s All entries, rooms, panels, or sections that cannot be kept well= 
ventilated throughout and regularly inspected or that are not being used for 
coursing the air, travel, haulage, or the extraction of coal should be senlca 
by substantisl fircvroof stoppings. 


13. Crosscuts should be made at intervels capable of assuring adequate 
ventilation at faces. ‘ | , 


14. Stoppings between intake and return of all main haoulagewnys should 
be as nearly airtight as possible and constructed of substantial incombust— 
ible material, except that cne temporary stopping of wood or brattice cloth 
nay be erected between the last permanent stopping and. the last crosscute 
' However, in heavy or caving ground, timber laid longitudinally, skin to sin, 
may be usede. 


15. On branch haulageways, stoppings should be as nearly airtight aS 
possible and constructed of incombustible or fire-resistont materiel with the 
exception stated in the preceding recommendation. 

16. Room crosscuts should be closed where necessary to obtain avperceptible 


movenent of air at the face. 
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17- Not more than one crosscut should be lcft opcn between the faces of 
entrics ond the first outby temporary or permanent stopping. 


18. ‘here doors are used.in connection with coursing the air in any ono 
split or if used in lieu of » split ventilation system they should be: 


ae Installed in pairs to form air locks, or, where this is not 
feasible, tight check curtains, well-maintained, should be 
hung in connection with single doors. Air locks should be 
ventilated sufficiently to insure against the accunulation 
of gas within the PROLOeh Fe eeOns 

be. Self=—closings — 2 

ce Provided with a supply of rock dust on each side for fire 
emergency use if doors are of wood. 

de Hung so that they swing to the clearance side.. 

es Hung so as to open against the ventilating current. 


19. Line brattice should be: 


ae Used to conduct the air from the last open crosscut to work= 
ing faces when necessary to remove Bases, aeeenne fumes, 
smoke, and duste 

be. Constructed with boards at ics and bottom or otherwise 
secured to provide face ventilation. 

Ce Be of mildew and fire-resisting material. 


20. Working places should not be ventilated by an air current that has 
passed through abandoned workings or pillar linese (It is hazardous to work 
places ventilated by air currents from partly caved more or less inaccessible 
arease 


21. ‘At least two permissible flame safety lamps should be kept in safe 
working condition at every coal mine, and at least two persons should be kept 
well-informed as to the safe maintenance and use of flame safety lamps. 


22e All coal mines classed as nongassy should be inspected carefully for 
methane at least weeklye 


23. Only sovalaeidie me thane detectors and air sampling and analysis 
should be used for determining methane. (Permissible flame safety lamps are 
considered a type of permissible’ methane detector.) 


24. All men required to use methane detectors should be instructed 
thoroughly in their use and aemtiavs One: 


256 Enough fire bausee should be eupleyed in gassy mines; they should: 
&e Begin examination of the mine not more than 3 hours before 
each shift enters it; however, in multiple=shift operations, 
' guch examination may be.made within 3 hours of the next shift 
' by qualified officials of the shift on duty. 
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be. Examine every working place, all places adjacent to live 
' workings, every roadway and travelwa:, every unfenced 
road to abandoned workings, and all accessible falls in 
the mine for explosive gas and other hazards. 
ce. Leave their initials and the date at or near the face of 
each place examined. | 
d. Place a danger sign across the entrance to every place wher 
a dangerous condition is found. The danger sign should 
be removed only by a certified official after the danger 
has been removed. | | 
ee Report to a proper official on the surface or at designated 
underground stations any dangefs founé before*the men enter 
the mine or pass such designated stations. 
f. Record in ink the results of their inspection in a book 
kept on the surface for that purposee Similar records also 
should be kept at designated underground stations. 


26. Accumulations of gas should’ be removed under the direct surervision 
of a foreman or other competent official, and no men should be permitted to 
work, nor should electric equipment be operated, on the return of the split 
while gas is being removed. 


Control of Coal Dust and Rock Dusting . 


1. Coal dust: should not be ‘permitted to accumulate on roadways, alons 
conveyor lines, and on gob, roof, rib, or timbers. 


2e Machine cuttings from coal beds (unless the dust therein contains 
more than 65 percent incombustible) should be loaded and hauled out of the 
mine if at all practicable. If removal from mine is not practicable, cut- 
tings should be placed back from the face and covorod with a layer of once 
nalf inch or more of rock dust. 


3e Mine cars should be maintained as nearly dust-tight as possible. 


u, 6©To allay coal dust, water or wetting solutions should :-be used on losc- 
ine machines, on the cutter bars of mining machines, nd at other evident 
sources of duste 


5. All bituminous-coal mires (lignite mines excepted) should be kevt 
thoroughly rock-dusted in all open, unsealed places to within at least LO 
foot of the face. If the top, floor, and sides of the mine (or any part 
thereof) are wet, rock-dusting ig not required in such mine or part thereof; 
however, if there is any indication that the mine, or any part thereof, is 
becoming dry, the mine or portion of the mine so affectcd should be rock= 
dusted. 


6. Where rock dust is applied, it should be distributed upon the ton, 
floor, and sides of all open, wnsealed places and be maintained in such quan- 
tity that the incombustible content will not be less than 65 percent. 
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7» When methane is present in the ventilating current, the 65 percent 
ninimum percentage of incombustible should be pReESoSeE: 1 percent for each 
Ol vercent methane. 

8. Sampling shovwld be done frequently enough to determine whether addi- 
tional rock dust is required. 


Je A record should be kept of the places of sampling, the results of 
tne tests made, and the amount of rock dust applied monthly as well as anmally. 


Electricity 


1. Hlectrically driven equipment operated inby the first open crosscut 
between entries or rooms or in air that has ventilated one or more working 
vlaces in mines classed as gassy should be permissible, It is recognized 
that under war conditions it may be aifficult, if not impossible, to obtain 
permissible equipment, and that nonpermissible equipment is now and will con- 
tinue to be used in gassy mines; where nonpermissible clectrical equipment is 
used, all possible precautions should be taken. 


2. If nonpermissible electric equipment is used in face regions (inby 
first open crosscut or air that nas ventilated one or more working places) of 
gessy mines, it should be operated only under the following conditions: 


&e Each working place should be examined carefully for methane by 
a certified official or other competent person immediately be- 
fore the equipment.is taken into or operated in a working place. 

be. The general air of the place should not contain more than one~ 
half of 1 percent of methane as determined by analysis or other 
recognized means of detecting methane. (By “air of place" is 
meant air not nearer than 1 foot from the fate. Any indication 
of nethane on a flame safety lamp should be regarded as more 
than. onc-half of 1 percent of methane.) 

c. If more than 1 percent methane can be found in holes in the roor 

' of any working place by-analysis or by methane detector (flame 
safety lamp or electric detector) the equipment should not be 
taken into or operated in the working place until the pocket of 
gos has been removed by additional ventilation. | 

d. When electrical equipment-is used in face regions, tests for 
methane should be made at least every 30 minutes is a certificd 
official or other competent person. 


3- Hlectrically driven permissible equipment should not te taken into or 
operated in any place if nethane amounting to more than 1 percent can be found 
(by analysis or other recognized means of detecting methane) in. the general 
oir of the place. . 


4. Electrically driven permissible equipment operating in face regions 
in a gassy mine should be stopped at least every 30 minutes and the place 
carefully examined for methane by a certified official or other competent 
persone 


5. Permissible equipment should be maintained in a good state of repair 
and in permissible condition. 


6, Underground clectric stations for permanent installations of pumps, 
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COMPTESSOTS, motor=cenerator and other conversion equinment, storace: batter 
en arging ae eat and transformers should be located in wellevent: Lated, vire- 
mreor rooms 


{~ Portable pumps and other portable electrically driven equipment 
should be so located and installed as to constitute tne minimum possidle firc 
or man=cortact hazard. They should be used only in well-ventilated places. 


S» Portable transformer stations should be in fireproof housing either 
fully enclosed or fitted with doors that close autometically in case of firce 
They should be located only in well-ventilated places. 


9. Bnrttery-charging stations should be well ventilated. if preeticcolc 
such stations should be in fireproof rooms and the air ventilating them cor- 
ducted directly to return airwayse 


10. Wires or other substitutes that do not provide adequate vrotection 
should not be used in place of proper fuses. 


ll. Fire extinguishers approved for electrical fires should be available 
at all electric installations. If such extinguishers cannot be obtainca, 
rock dust should be available. - 8 


12. Clean, dry sand or rock dust and, if available, fire extinguisners 
suitable from both a toxic and shock standpoint should be provided and olacot 
outside of underground electric stations so as to de out of the smoke in case 
of fire in the station. 


13- Trolley and bare power wires should be: 


a2 Securely supported on insulated hanzcrs not more than 20 fect 

: aparte . 

0. Sectionalized by proper electric switchcs ct intervals not to 
exceed 1,500 feet; electric switches snould also be instnlled 
in all branch lines near their bezinning. 

ce Provided with sectionalizing switches »-t poirts where londedc 
mine cars are stored on idle dors. 


14. Rower wires other than trolley wires should be.well-insulated where 
they pass through doors or stoppings. — 


15 Trolley or feed wires should not extend beyond the last open crosscu 
and should de kept at lerst 150 feet from the end of eae workings, or on 
open, partly caved, poarly ventilated places. 


16. If feasible, power should be cut off from idle sections of a mine on 
from the entire mine on idle days. This statement is not, however, intended 
to bar the use of lines, properly protected by fuses, for the operation of 
such units as pumps if all passageways and adjoinin; areas through which live 
circuits pass (includine surroundings of units) ore examined with a flame 
sofety lamp and found free of gase | 


17. Officials, haulage crews, electricians, and others connected with 
electrical maintenance should te familiar with the location of cut-out 
switches. ae 
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18. Circuit breakers should be provided to protect all power circuits. 
r they are automatic, they should be set so that the circuits cannot be over- 
lomded; if they are hand-set, the handles should not be tied in place. 


19. In gassy mines, permissible junction or distribution boxes should 
ve used where feasible in naking power eopnceusens at working faces. 


20. Cables for portable or seniportable underground electric eouipment 
siowld be provided with suitable taps equipped with fuses, unless” properly 
connected to permissible junction or distribution boxes. 


el. Temporary cable splices should be made in a workmanlike manner, 
mechanically strong, and well-insulated. Preferably, when a cable is defec- 
tive, a stand-by cable should be used and the defective cable sent to the 
shop for permanent splicing and, if practicable, vulcanizing. 


: 22. To prevent excessive heating, the trailing cables of equipment used 
in conveyor mining should be suspended in long loovs rather than tightly 
coiled. 


Fire Protection Uncergroun 


l. Uaorerouna storage wiiakes for lubricating oil and grease should be 
or fireproof construction. 


Pod 
o- 


2e Lubricating oil and grease kept in face regions or other working 
locations should be in portable, closed, metal containers. ‘ 


3. Inside structures (substations, shanties, stables, pump’ rooms), 
including doors, should be of aE EePr OO construction. 
4, Hay or straw should be stored in a fireproof structure apart from 
‘tne stable. 


5. Welding and cutting (with electricity or fans) in gassy mines in 
face regions and on returns should be done under the immediate supervision of 
a certified official. No welding.or cutting should be done if more than 0.50 
vercent methane is presente In all welding and cutting operations, special 
precautions should be taken against starting fires. 


Miscellaneous Hazards 


1. When a limit of 200 feet is reached from abandoned workings that can~ 

| not be inspected or workings filled with water not exceeding a 150-foot head, 
or gas, boreholes should be’ kept at least 20 feet ahead of the face; similarly 
45° angle holes at least 25 feet deep and not more than 8 feet apart should 

be made in each rib. If the head of water exceeds 150 feet, the depth of 

the boreholes ‘should be increased 1 foot for each additional 10-foot head of 
watere 
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2. In regard to mine onenings: 


ae Every underground mine should have at least two scparate 
outlets to the surface. 

be. Each bed of coal and eacn level or entry therein should have 
at least two travelable openings in connection with (directly 
or indirectly) voth main outlets to the surface. 


3.' Designated escavewcys should be readily accessible from every sec- 
tion of the mine and should be kept in a safe condition, reasonably free 
from steam, dangerous gases, standing water, ice, and other obstructions. 


4. Direction signs should be posted conspicuously to indicate manways 
and designated escapeways. : 


5. <A check-in-and-out system should be adopted that will provide posi- 
tive identification, upon the person, of every individual underground. An 
accurate record of the men in the mine should be kept in a place that will 
not be affected in the event of an explosion. 


6. O&%41 and gas wells »enetrating strata below beds of coal should be 
protected by a pillar of cozl extending at least 50 feet from the well in 
every direction. 


Tt. A 50~foot barrier sillar, or larger if deemed necessary, should be 
left when workings adjoin old workings suspected of containing bodies of dan-~ 
gerous gas. If the danger is from water, the barrier pillar should be of a 
width determined by qualified engineers and approved by the proper State 
AGENCY « 


8. Smoking should not be permitted in any mine. 


9. Only permissible portable eleetric lamps, preferably cap lamovs, 
should be carried by all persons for illumination in a minee — 


GUSEPAL SAFETY CONDITION 


Supervision 


1. Idle or abandoned sections of a mine should be inspected for gas and 
other dangerous conditions by a foreman or fireboss immediately beforc other 
employees are permitted to enter such sections. 


2. Aircourses and accessible pillar falls should be traveled “at least 
once each week by a certified mine official, who shovld leave his initials and 
the dates; if any part or »>arts of the aircourse are in such condition that it 
cennot be traveled, the defective condition or conditions should be remedied 
promptly. Written reports snould be made as to conditions found on, such 
inspections. 
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3. All entrances to dangerous places should be fenced off, and suitable 
danger signs should be provided at safe distances from the existing hazard. 


4. Each working place should be inspected for safety by a certified 
official at least twice each working shift and at such more Gee deeey periods 
@s may be necessary and -.racticable. 


First Aid and Mine Rescue 


1. At least 10 sets of oxygen breathing apparatus and at least 6 gas . 
masks and necessary accessories should be available in each mining district 
for use in case of mine fire or explosion. This equipment shonld be avail- 
able at centrally locatec. rescire stations owned by the State or operators in 
the district, or be owned by individual companies. This equipment should be 
readily available at all times. | 


2. When training facilities are available, atleast 12 men should be 
trained in mine rescue work at mines having more than 100 employees; mines 
having 100 employees or less should have a a aaa smaller number 
trained, but not fewer then 


3. Mine officials should take an advanced mine rescue course when such 
course is available. 


° FIRE~-PREVIL-TION MGASURES FOR METAL MINES 
General 
1. Adequate fire protection should be provided. 


2. Yire hydrants should be standard and interchangeable with local fire- 
department hose equipment. Adapters should be provided if necessary. 


3. Fire hydrants should be located at a safe distance from all build- 
ings so that a fire could not render them useless. This is not intended to 
prevent the installation of ane Serene fire hydrants at or in the various 
buildings. | a " 


4. Fire lines should be tested at frequent intervals, especially during 
the winter months, to insure their being in working condition. .A record 
should be kept showing the cate of each test and the conditions found by the 
inspector. 


5. Fire-fighting orscnizations should be maintained on each shift, and 
frequent fire drills shovld be held. 


6. "Good housekeeping" is essential to good fire protection and should 
be enforced at all times. 
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Storerooms and Warehouses 
le Gasoline should be stored in underground tanks when practicrole. 
Surface Plant 


1. Flammable materials snould not be permitted to accumulate in or 
around any building. 


2. Carbon tetrachloride or COo-type fire extinguishers shoulda be pro- 
vided for electrical fires and should be placed in easily accessible places. 


3. A careful fire ins»yection should be made after using oxyacetylene, 
oxyhydrogen, or electric-velcins equipment. 


Surface Buildings 


1. Only buildings of fireproof construction should be permitted over or 
connected to mine shafts, tunnels, or adits. 


2. All buildings within a radius of 100 feet from any mine opening 
should be of fireproof or fire-resistant construction. 


3. Fire doors should te erected at mine ovenings or effective points 
where smoke or fire from outside sources may endanger men working underground 


4. Open lights should not be permitted near open carbide containers. 
The use of carbide dispensers is recommended both as a fire=preventive end a 
safety measure. Preferably, electric cap lamws should be used rather than 
any type of open light. — 
Shafts 


1. Headframes should be vrotected from accumulations of combustible 
material. 


ee Shaft statioms snould be adequately protected against fire hazards. 
Some mines have a fire-hose connection (with suitable pressure reducing 
valves) from the pump column that can be used in case of fire. 


3. Flammable material should not be allowed to accumulate at or near a 
. Shaft station. ; 


4. Oils, greases, Gasoline, and other flammable liguids should not be 
stored at a shaft station. 


5. Not more than one barrel of’ lubricating oil should be stored on any 
One level underground. 


6. Hay, straw, or flonmmabie feed material taken underground snould be 
in compressed bales, covered by tarpaulin, in 4 container, or in a closcd car 
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It should be delivered promotly to the underground stable and stored in a 
locked fireproof compartment. The amount of hay stored underground at any 
time should not exceed the «mount normally consumed in 48 hours, unless this 
amount is less than one valee 


7. <All timbered shaft stations on levels where work has been done during 
the shift should be inspecte: for fire at the close of the shift and a record 
kept of the inspection. 

8 Fires for heating showld not be permittec underground. Open-flame 
torches, lighted acetylene lammcs and candles should not be left unattended; 
preferably they should not be used. 


Sunnels and Adits 


1. Snow sheds, builcings, or other structures covering the approaches 
and portals of tunnels or adits should have adequate fire protection and 
should be of fireproof construction if connected to the mine opening. 


2. Flammable materials an¢@ liquids should not be stored in shelters, 
sheds, or covered approaches of tunnels or adits. 
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